Nasu-Hakola disease (MIM#221770), also known as PLOSL (polycystic lipomembranous osteodysplasia with sclerosing leukoencephalopathy), is characterized by unique combination of young onset progressive dementia, associated with sclerosing leukoencephalopathy, and systemic bone cysts with onset in the second to fourth decade (1, 2) .
In recent years, studies have demonstrated that Nasu-Hakola disease is caused by a mutation in the TROBP gene (tyro protein tyrosine kinase binding protein; in other name; DAP12 gene, DNAX-activating protein 12) or the TREM2 gene (triggering receptor expressed on myeloid cells 2) (3). Formally, in the natural progression of this disorder the following four different stages may be identified: i) latent disease (asymptomatic); ii) bone involvement (pathological fractures); iii) early neurological symptoms (patient's personality changes and first dementia symptoms begin to arise); and iv) late neurological stage in which patients show symptoms of profound dementia and begin to lose their motility (4) .
The early neurological stage begins in the second to fourth decade of life and manifests as frontal lobe syndrome. Personality change such as loss of judgment and social inhibition, euphoria, disturbance of concentration, lack of insight and libido are typical (5).
CASE PRESENTATION
We report two dementia patients who are third degree relatives (unclenephew) with symptoms, signs, and imaging findings highly correlated with probable behavioral variant type criteria of frontotemporal dementia (FTD) (6).
We have taken written informed consent from the patients and their families for the clinical evaluation, genetic testing and publication.
The pedigree of the family shows the other effected persons in the family, suggestive of autosomal recessive inheritance (Figure 1 ). Upon consideration of all properties of the patients including molecular analysis, we diagnosed the cases as Nasu-Hakola disease.
INTRODUCTION
over the past three months. She was complaining about nothing, feeling very happy, and euphoric. But her family noticed her forgetfulness, disorganization, and problems in her logics. She was not able to do any work at home. Her personality was changed, she behaved and spoke inappropriately, became unresponsive and lost her warmth to others, and easily became nervous. She had binge eating which is mostly sweet, and had loss of libido ( Table 1 ).
The patient had no significant medical history other than foot and leg pain with repetitive fractures during the preceding 10 years. The family reported that her uncle and aunt died at the age of 45 (II: 8) and 42 (II: 9) because of young onset progressive dementia (Figure 1 ). Additionally, another uncle of her (case 2; II: 10) started to behave inappropriately.
On admission to outpatient neurology clinic of Erciyes University, neurological examination findings were unremarkable except mental examination. The patient's neuropsychological tests revealed that digit span, verbal fluency, Stroop, motor programming tasks (including alternating programs using square and pointed pictures, Luria's loop, and serial hand sequences), face recognition, and trail making tests were severely impaired showing problems in attention, organization, planning, and executive functions. Agraphia, acalculia and alexia were not detected. Mini mental state examination score was 28/30 (memory and copying parts), clock drawing test score was 3/7, and Montreal cognitive assessment score was 17/30 (losses in all parts except orientation) ( Table  2 ). Her psychiatric symptoms and memory deficits minimally progressed following a six months' duration of treatment with memantine, donepezil, citalopram, and vitamin B12.
The results of blood tests including biochemistry, complete blood count: CBC, thyroid hormone, vitamin B12, vitamin D, folic acid, serologic tests related to autoimmune encephalitis, VDRL, and HIV tests were normal except low vitamin B12. Peripheral smear, cerebrospinal fluid (CSF), electroencephalography, and electromyography examinations revealed normal results. Figure 3 ). X-ray imaging of both talus bones revealed osteoporotic and cystic lesions.
Case 2
The patient, who was a high school educated 41-year-old male worker, applied to the outpatient neurology clinic of Erciyes University with personality and behavioral changes lasting for one year, described by family members. He had inappropriate behaviors, poor judgment, and was talking too much without inhibition, making inappropriate jokes. He couldn't comply with his job because of his irresponsibility and forgetfulness ( Table 1) . The patient had no significant medical history.
He didn't mention about any fractures but complained impotence. His family history indicated affected persons (III: 3 presented as Case 1, II: 8, II: 9) (Figure 1 ).
Neurological examination findings were unremarkable except cognitive dysfunction. The Mini-Mental State Examination score was 26/30 (losses in orientation and memory parts). Frontal lobe test battery revealed problems in attention, organization, planning, and executive functions. Clock drawing test score was 3/7, and Montreal cognitive assessment score was 18/30 (losses in all parts except naming). Agraphia, acalculia, and alexia were not detected ( Computed tomography (CT) examination showed cerebral atrophy and mild basal ganglia calcification. Brain MRI revealed diffuse signal alterations in the subcortical frontal and parietal white matter with global brain atrophy with diffusely thinned corpus callosum, and reduced anterior cingulate gyrus volume. PET CT exhibited bilateral hypometabolism on anterior cingulate gyrus, basal nuclei, and parietotemporal cortex. X-ray and CT imagings of bilateral ankles revealed reduction in trabecular structure, and multiple lytic lesions with sclerotic rims in talus ( Figure 4 ).
Molecular Analyses
The molecular analysis was performed at The Medical Genetic Laboratory of İstanbul University. Genomic DNA was isolated from Case 2 and Case 1 ( Figure 1 , II: 10 and III: 3), from the collection of 2 ml venous blood in K 3 EDTA tubes by kit (MagNA Pure Compact Nucleic Acid Isolation Kit-Large Volume; Roche). Exon 2 of TREM2 (NM_018965.3) was sequenced by Sanger sequencing (ABI 3500). Analysis of the sequencing electropherograms revealed the same homozygous mutation in both, c.113A>G (p.Tyr38Cys).
DISCUSSION
We presented two consanguineous young patients with symptoms resembling, even fulfilling the criteria of probable behavioral variant of frontotemporal dementia (bvFTD). Nevertheless, there were some additional and controversial findings in their evaluation. Considering these findings and molecular analyses of the patients, we diagnosed a rare genetic disease named as Nasu Hakola. The warning findings in these patients were presence of history and/or of bone involvement, and MR and CT (7) . Additionally, the pedigree was in conformity with autosomal recessive inheritance that was incompatible with autosomal dominant inherited FTD. Upon our evaluations, we realized that the genetic mutation detected in our patients was similar to an earlier reported Turkish case, but the clinical presentations differ with respect to the presence of bone pathology. This is an interesting finding, showing presence of phenotype variation in a defined genetic mutation of the disease.
Nasu Hakola disease is a rare genetic young onset progressive dementia caused by loss-of function mutations or deletions in TREM2 or TYROBP genes, resulting in loss of function of the TREM2-TYROBP immunoreceptor signaling complex (2, 3). This complex mediates myeloid cells, including microglia and osteoclasts, development, activation, and function. In the bone, it regulates the differentiation and function of osteoclasts, which are bone-resorbing cells; while it regulates microglia phagocytosis of neuronal debris and amyloid deposits in the brain (8) . In the absence of this complex, microglia becomes excessively activated and dysfunctional causing accumulation of amyloid, loss of myelin, induction of inflammation, and possibly dysfunction in synaptic regulation of the brain (9) . In recent years, TREM2 is also reported to be a related factor for the most common dementias, Alzheimer's disease, and FTD (8).
Underlying factor responsible for this brain disease is mostly accepted to be related to white matter changes. However, gray matter pathologies as neuronal loss and gliosis in the thalamus and basal ganglia (10) , and possibly dysfunction in synaptic regulation are other explanatory mechanisms (9) . In our cases, as observed from the brain images, there are both white and gray matter pathologies.
TYROB mutations are the cause of Nasu Hakola disease predominate in Finland and Japan, while TREM2 mutations are more widely distributed in the world (11) . All the identified TREM2 mutations associated with Nasu Hakola is presented in exon 2 of the gene encoding V-set domain by codons 19-129 (Q9NZC2). Up till now, there have been reported 14 different TREM2 mutations of missense, nonsense, and deletion type (12) . The homozygous missense mutation detected in our patients was first identified in a Turkish case with FTD-like disease without bone involvement (13) . In addition to the absence of bone involvement, the patient had generalized tonic clonic seizures beginning from the early period of the disease, and akinetic-rigid syndrome without any calcification of basal ganglia on computed tomography scan, in contradiction to our cases. In the literature, there are reported cases without bone involvement, epilepsy, akinetic rigid syndrome, or calcification of basal ganglia, presenting with various mutations (12) (13) (14) (15) (16) (17) (18) . However, it is interesting to see different clinical findings in the patients with the same mutation, which can be attributed to phenotype variation, or some more unidentified genetic factors.
Until now there does not exist any specific therapy, and if present, prevention of seizure recurrence is necessary (5) . It is crucial to inform family members properly about the disease in order to prevent possible socio-economic and legal problems. Molecular analysis should be considered in patients with young age onset behavioral and cognitive deficits resembling the phenotype of bvFTD, especially if associated with white matter abnormalities, and thin corpus callosum seen on MRI, even if cystic bone lesions don't exist. Nasu Hakola disease is an interesting one with complex genotype-phenotype relations. The pathologic molecular mechanisms underlying the disease can reveal important clues in the pathogenesis and treatment of dementia.
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